County, Georgia, who were followed for over 12-14 years to assess the incidence of cancer there was an inverse association between the risk of cancer and both serum retinol and serum cholesterol concentrations. The data also showed an unexpectedly strong correlation between serum retinol and total cholesterol concentrations. The inverse relationship with cancer was stronger with serum retinol than with cholesterol, which suggested that the association with cholesterol might be secondary. This suggestion may also explain the cholesterol-cancer association reported in several other cohort studies. Further studies of the relation between serum concentrations of cholesterol, retinol, and carotene and the incidence of cancer are needed.
Introduction A large and rapidly expanding body of laboratory evidence shows that retinoids possess striking antineoplastic properties, inhibiting both the transformation and promotional stages of the neoplastic process.'-3 The epidemiological data have recently been reviewed by Peto et al.4 Two prospective5 6 and several retrospective dietary studies7-9 have shown an inverse relationship between vitamin A intake (mainly in the form of carotene) and cancer. Users of vitamin A pills showed a non-significant reduction in the risk of developing cancer.' 0 Within wide bounds, blood retinol concentrations are generally little affected by varying vitamin A intake,4 and excessive intake causes a relatively small increase in serum retinol concentrations.'1 Casecontrol studies of the relationship between serum retinol and serum carotene concentrations and cancer have consistently shown that serum retinol concentrations are lower in patients with cancer than in controls1'-2 0 and serum carotene concentrations have also been lower in those studies in which they have been measured. 2 We have previously presented results from the Evans County cardiovascular disease cohort showing that both serum retinol and cholesterol concentrations relate inversely to the incidence of cancer.2' 25 In this paper we tie these results together and show that associations between cholesterol and cancer may be secondary to an association between retinol and cancer.
Methods
The Evans County cardiovascular disease cohort, a total community study, has been described in detail elsewhere. In 1960-2, 3102 people were examined, their serum cholesterol concentrations were measured by the Abell-Kendall method,3 and specimens were stored at -18 C for later examination. New cases of cancer were ascertained up to 1974. Only those cases documented at least 12 months after intake were included.25 Retinol concentrations were measured in 1976 on the stored sera of 85 subjects with cancer and 174 controls drawn from the cohort; we used a modified fluorimetric method after alumina column separation.22 The question of measuring retinol in old stored sera and the fact that many of the patients' sera had been used for another study whereas many of the control sera had not have been discussed elsewhere." Stability studies performed to simulate the exposure of the sera stored for 14-16 years showed retinol to be stable in ambient laboratory lighting conditions, during exposure at room temperature, and during recurrent freezing and thawing cycles.
Results Table I shows age-adjusted differences between the subjects who developed cancer and the controls. The 85 patients had serum Conversion: SI to traditional units-Cholesterol: 1 mmol/I 38-6 mg/100 ml.
Retinol: 1 1smol'1v 28-7 cug 100 ml.
cholesterol values 0 28 mmol/l (10 8 mg/100 ml) lower on average than those of the controls (p--0 05), a difference amounting to 50( of the average study value of 5 6 mmol/l (218 mg/100 ml). For serum retinol the overall difference was 0-23 sumol/l (6 6 14g/100 ml; p=0-002), a difference amounting to nearly 150(, of the average study value of 1 6 mmol/l (46 tsg/100 ml). In each race-sex group the difference between patients and controls was proportionately larger and more significant for serum retinol than for cholesterol concentrations, while the differences for both retinol and cholesterol concentrations were larger for men than for women.
The association of serum concentrations of cholesterol and retinol with cancer was remarkably similar when examined by site of the cancer (table II) . All 127 cases of cancer analysed in the Evans County cohort were used to examine the relationship between cholesterol concentration and the site of the cancer, while 85 of the 127 cases (for Conversion: SI to traditionoal inits-Cholesterol: 1 mmol/l 38-6 mg/100 ml.
Retinol: 1 ,umol/l 28 7 ,ug/ 100 ml.
whom sera were available) were used for serum retinol comparisons. For those sites showing a reduced concentration of cholesterol, retinol concentrations were proportionately lower (except for cancer of the prostate). In the leukaemia-Hodgkin's disease group, neither cholesterol nor retinol concentrations were lower than expected, while both cholesterol and retinol concentrations showed the same pattern among the patients with skin cancer, with the non-basal cell types (epithelial and melanoma) being associated with lower concentrations than the basal cell cancers. We are unaware of prior studies on the relationship of serum retinol and serum cholesterol concentrations in healthy adults. In our study (of 92 white men, average age 57-5; 102 white women, average age 54-9; 45 black men, average age 62 1; and 20 black women, average age 55-4) there was a surprisingly strong association between the two variables (table III), the correlation being stronger and more consistent in whites than in blacks, and evident in both subjects with cancer and controls when analysed separately. Indeed, retinol appeared to be one of the variables most strongly correlated with serum cholesterol concentrations in Evans County.
Because of these statistical associations between serum cholesterol and retinol concentrations, the differences between the subjects with cancer and the controls were assessed for each factor while we controlled for the potential confounding effect of the other (table IV) . The association of cholesterol with cancer was much reduced when we controlled for retinol, but the reverse was not apparent. In other words the inverse association between retinol concentrations and the incidence of cancer was mostly independent of cholesterol concentrations, while that of cholesterol concentrations and cancer was strongly related to the retinol-cancer association. 
Total
White men White women Black men Black women
Cholesterol difference (mmol/l) without controlling for retinol .. *By race-sex specific regressions of serum cholesterol on age, age-squared and serum retinol.
tBy race-sex specific regressions of serum retinol on age and serum cholesterol. Conversion: SI to traditional units-Cholesterol: 1 mmol/l 38-6 mg/100 ml. Retinol: 1 ,umol/l Lg/100 ml.
and may be causally associated with the occurrence of some forms of cancer.
The data from Evans County described here suggest that the relationship between cholesterol concentrations and cancer may be secondary to an association between retinol concentrations and the incidence of cancer. Indeed, the lack of a consistent association between cholesterol concentrations and cancer in different studies would lead one to search for a secondary association. Additionally, the evidence that retinol has a protective effect is stronger than the evidence that cholesterol has a protective effect.
The possibility that these findings are due to an artefact resulting from the use of old stored sera that may have been differentially exposed to ambient laboratory conditions cannot be dismissed. Nevertheless, the simulation studies we conducted reduce the probability of such an explanation. The correlation between serum cholesterol and serum retinol concentrations, measured 14-16 years apart, cannot be attributed to such an artefact as the relationship was equally strong in both subjects with cancer and controls. In addition, Wald et al,23 applying a study design almost identical to ours, showed an inverse association between retinol concentrations and the incidence of cancer independent of serum cholesterol values.
The relatively strong correlation between serum retinol and total cholesterol concentrations that we found has recently been confirmed by one of us (AHS) in a New Zealand study,'34 in which the association was shown to be with low-density lipoprotein cholesterol. This study used serum specimens frozen for several months only and used a different method of estimating serum retinol concentrations. The study also provided preliminary evidence for an association between (-carotene and cholesterol concentrations, although (-carotene and retinol concentrations were not associated. Basu et a115 also showed a linear relationship between retinol and cholesterol concentrations in a small series of hospital patients with and without cancer. We surmise that the correlation of retinol and cholesterol concentrations reflects a relationship between their carrier proteins-retinol binding protein and low-density lipoproteinand that the determinants of the blood concentrations of these carrier proteins are partly shared.
We suggest that a study of serum cholesterol, serum retinol, and serum carotene concentrations in relation to the incidence of cancer may elucidate the cholesterol-cancer relationships described in published reports. Certainly, further detailed examination of the interrelationship of serum cholesterol, retinol, and carotene concentrations, preferably on fresh specimens, would be of great interest in itself.
